This note surveys the statistics of fire casualties classified as having been overcome by gas or smoke in the United Kingdom Fire Statistics for the years 1955-72 inclusive. For the period covered, the proportion of all annual casualties suffering from this source of injury (both fatally and non-fatally) has increased by a factor of about 3. Currently, about half the fatal casualties from all causes in fires per annum are over come by gas or smoke.
INTRODUCTION
In recent years about half the annual deaths in fires in the United Kingdom have been attributed to the effects of toxic gas and smoke (Rasbash, 1967) . This paper surveys the available statistics with the object of examining how the numbers of both fatal and non-fatal casualties attributed to toxic gas and smoke have varied with time and in relation to casualties from other causes in fires. Possible reasons for the variations are considered.
The survey is based on the annual analyses of reports of fires attended by fire brigades in the United Kingdom (United Kingdom Fire and Loss Statistics, 1955-72) prepared and published by the Fire Research Station, acting as agents for the Home Office. Some of the main conclusions have been indicated briefly elsewhere (Bowes, 1974) ; this paper presents the survey in detail.
CLASSIFICATION OF INJURIES
Causes of death given in the fire reports are quoted from the findings of inquests and fatal accident inquiries and are classified in the annual tables as follows: burns and scalds; overcome by gas or smoke; other and undefined injuries. (The phrase 'overcome by gas or smoke' may be read as 'overcome by gas and/or smoke'.)
Casualties who are described in the reports as having died from burns and asphyxiation or similarly are included, for 1966 and later years, in the annual tables under 'overcome by gas or smoke'; before that date they were included under 'burns and scalds'. A reclassi fication of reports in this respect for 1 year, 1970, showed that the proportion ascribed to 'burns and asphyxiation' was 12*4 per cent. It will be seen later that, at this level, the change of classification will not seriously have affected the main conclusions.
Except for the years 1955 and 1971, when they amounted to 20 per cent and 13 per cent respectively, the numbers of deaths in fires classified under 'other and undefined injuries were less than 11 per cent of the total deaths in each year.
Non-fatal casualties include all those requiring more than first-aid treatment and their injuries are classified as below where* as a guide to the distribution of the non-fatal injuries, the approximate percentage of casualties in each of the classes is given i n brackets for a single year, 1969:
Burns and scalds (57) Bruises, cuts, abrasions (9) Dislocations, sprains, fractures (3) Overcome by gas or smoke (12) More than one of the above injuries (3) Shock (12) Other and undefined injuries (5) Casualties who suffer shock in addition to another injury are classified according to the other injury.
For the purposes of this survey only casualties overcome by gas or smoke or suffering burns and scalds will be listed separately; the rest will be included with other and undefined injuries.
LOCATION OF CASUALTIES
From 1961 onwards in the annual tables the •ncidence of casualties has been related to the type of occupancy of the building con cerned. These data have been used to Prepare Table I which shows the mean annual percentages of fatal casualties and the m ean annual percentages of non-fatal casual ties which occurred in the period 1961-72 m clusive in fires in buildings of all kinds and the percentages which occurred in buildings classed as 'private dwellings'-principally residential houses (including multiple occu pancies), residential flats and maisonettes.
It is evident from in accordance with the abbreviated injury classification described above. A preliminary inspection of Table II shows that the numbers of both fatal and non-fatal casualties per annum 'overcome by gas or smoke' have increased by factors of about 4 during the period, while the total number of casualties from all injuries has increased by about 50 per cent. In order to remove the effect of the overall increase in the numbers of casualties per annum, the fatal casualties, and the total of fatal and non-fatal casualties 'overcome by gas or smoke' are given in Fig. 1 as propor tions, per cent of casualties from all causes in fires for each year. For comparison, Fig. 1 includes the proportion of casualties which were fatal from causes other than gas or smoke (i.e. 'burns and scalds', 'other and undefined'). Averaging the first 5 years and the last 5 years of the period it is found that the pro portion of casualties which were fatal owing to exposure to gas or smoke increased from 2-5 per cent to 7-4 per cent, i.e. by a factor of 3. Similarly, the total of fatal and non-fatal casualties overcome by gas or smoke increased from 7 0 per cent to 19-2 per cent of all casualties, i.e. by a factor of 2-7. These increases contrast with the change in the proportion of casualties in fires which were fatal owing to causes other than gas or smoke; this proportion has actually decreased from 10-7 per cent to 7-4 per cent per annum averaged over initial and final periods of 5 years, the decrease being about 30 per cent.
It may be noted that the records in Fig. I show no obvious hiatus at 1966 which might be associated with the change in coding. This is consistent with the estimate, given earlier, that the coding change will have affected only about 12 per cent of the fatal casualties.
DISCUSSION
It is clear that, during the 18-year period covered by this survey, there has been a highly significant increase in both the numbers and proportions of fatal and non fatal fire casualties attributed to the effects of smoke and toxic gases and these now emerge as being the major cause of death in fires.
It might be suggested that part at least of the increase in casualties attributed to smoke and toxic gas reflects an increasing efficiency in the identification and reporting of injuries in fires. However, the effect of such increasing efficiency might be expected to be greater fo r fatal than for non-fatal casualties-for whom treatment depends on accurate diagnosisbut, as has been seen, both fatal and non-fatal casualties have shown similar increases-Casualties from other causes show no such large increases. In particular, casualties classified as suffering from shock have increased from an average of 6-34_;0-6 percent of all casualties per annum for the period 1955-59 inclusive to 9-7±0-4 per cent pe f annum for the period 1968-72. This increase is thus about 50 per cent and might) for these casualties especially, be indicative of the extent of any increase of efficiency 111 the recognition and hospitalization of non fatal casualties. On balance, it may, perhaps be safely assumed that the effect of such increased efficiency on casualty statistics a s a whole will be shown to have been relatively small.
With the above reservation, factors whi cP might account for an increase in casualti eS due to smoke and toxic gas rather than 1 0 burns and scalds at fires may be summarize as increases in the amounts and/or rates 0 2 1IM3 jad • so*)|amt3 jo uoujodojd production of smoke and gases, changes in the nature of the smoke and gases and increases in the numbers of persons involved in individual fires. Each of these possibilities will be considered in turn.
Other factors, such as a more rapid growth of fire and changes in building design or construction may also contribute; but they flight equally well increase burns casualties rather than smoke and gas casualties and they will not be pursued here.
Amounts of Smoke and Gases
Here there are the possibilities of a general increase in the amounts, or rates of produc tion, of smoke and toxic gases and/or an rncreasing proportion of fires producing Specially large amounts of smoke and gas. Effectively, an increase in the 'amounts' or rates of production of smoke and gases lrr >plies either a wider distribution of danger ous concentrations at a given time under flow c°n ditions in a building or higher local con-Ce ntrations at a given time under cumulative conditions, e.g. in a compartment; either re sult is capable of increasing the likelihood °f people being trapped at a given stage of a fire. The annual statistical tables do not pro-Vl de a measure of changes in amounts of Sr noke and toxic gas at fires, or of the frequen cies of fires producing especially large amounts of smoke and gases, independently the numbers of associated casualties. However, fire brigade officers report an '^crease in smoke and noxious fumes as sociated specifically with the presence of Plastics materials in fires in buildings Matters, 1974) .
The statistics provide no evidence whatever 0l> a causal relationship, but the increase in Cas ualties due to smoke and toxic gas has Ce rtainly occurred in a period in which the l^6 of plastics generally has been increasltl g rapidly; an increase of 15 per cent per f-^Hum was quoted in 1966 for the use in hidings (Lawson, 1967) , i.e. during the Period covered here. The potential hazards ass°c iated with this increase have been ^c°gnized for some time and are currently ein g widely studied. An outline of the work at the United Kingdom Fire Research Station has been given elsewhere (Bowes, 1974) .
The Nature of the Smoke and Fire Gases
An increase in the intrinsic density and/or the irritancy of smoke could lead to an increase in the numbers of people trapped in fires and becoming casualties. In practice, the effects of such changes in smoke quality will be equivalent to changes in quantity and, therefore, the remarks of the previous section apply.
Casualties from smoke and toxic gases will have been exposed to a wide range of con centrations of toxic material for a wide range of times, and fatal and non-fatal casualties will not necessarily both have been associated with the same fire exposure. Nevertheless, averaged over a large number of incidents, such as those for 1 year, it is reasonable to assume that the proportion of either survivors or fatalities among casualties suffering expo sure to smoke and toxic gases will provide a measure which may be used to detect changes in the toxicity of the smoke and fire gases. cause (Department of Health and Social Security, 1969; 1972) . Table III has been prepared to compare the increase in fatalities in multiple-death fires with the increase in fatalities due to smoke and toxic gas in the period 1960-72. As pre viously, fatalities are expressed as a percent age of all casualties and mean values for these percentages, together with their standard deviations, have been calculated for the first 5 years and the final 5 years of the period. 
Numbers of Persons involved
Together with an increase in the number of fires per annum in which fatalities occur, there has been an increase in the proportion of fatal fires in which there has been more than 1 death. Detailed analysis (Chandler, 1969) of such multiple-death fires for the period 1960-66 showed that, of the 1000 fatal casualties, 59 per cent were overcome by gas or smoke. It may be calculated further from this data that, in those multiple-death inci dents in which none of the casualties were at the seat of the fire, the proportion overcome by gas or smoke during the period was as high as 70 per cent. These proportions are con siderably higher than the average of 34 per cent overcome by gas and smoke among all fatal casualties in all locations for the period 1960-66 and demonstrate the extent to which gas and smoke can be the predominant cause of fatal casualties in fires where many people are exposed-especially among those remote from the seat of the fire. In recent years there have been 2 examples, both in institutions, with high mortalities from this
The differences between the means in the table are highly significant (at 2 per cent level or better). Assuming the average value of 59 per cent for fatal casualties overcome by smoke and gas in multiple-death fires, and also that the whole of the increase in fatali ties due to smoke and gas was associated with the increase in deaths in multiple-death fires, an expected increase in the mean value fo f the proportion of fatalities per annum due to smoke and gas in the period 1968-72 may be estimated as 0-59 x (3-95-2-79) = 0-68. This increase is about one-quarter of the observed increase of 3-1 and indicates, but does not establish, that the increase in deaths in multiple-death fires could be a minor but not unimportant component of the increase in deaths due to smoke and toxic gas.
A short-term survey of fires in dwelling 9 in selected urban areas other than London (Daxon, 1971) has indicated that the risk fire occurring in multiple-occupancy dwelling is about 5 times that in single occupancies and the chance that a fire will result in casualties is about twice as great. It is probable that the increase in multiple-death fires is due largely to a relative increase in fires in multipleoccupancy dwellings but, in this context especially, there remains the important unanswered question of whether fires gener ally are beginning to claim more victims, both fatal and non-fatal, in a given incident owing to an increase in smoke and gas. A rna J or gap in our knowledge here is the number of persons at risk in a given incident.
